ABSTRACT: We examined the likely cause of the dramatic decrease in abundance experienced by a population of reef-building polychaetes Phragmatopoma virgini Kinberg, 1867 at the low rocky intertidal of the Mehuin Marine Reserve, southern Chile. The abundance level there contrasts strongly with the levels of abundance that this species has outside the area. To determine if this decrease resulted from processes operating in the post-settlement stage, we offered textured and untextured cement plates as substrata for settling P. virgini. In addition, in order to assess the effect of mobile consumers on post-settlement mortality, we enclosed settlement plates in cages. After 18 mo of monitoring the abundance of recruits on the artificial plates, we determined that recruitment occurs throughout the year, but with a clear seasonal variation in intensity. Recruitment densities were highest on rough textured plates. The exclusion of consumers resulted in a major incl-ease in the number of recruits on both types of surface. The higher density of recruits on the rough surfaces was probably the result of microenvironmental conditions that enhance settlement and survival of the new settlers by providing a refuge from mobile consumers, specifically dislodgement by rasping invertebrates. We concluded that the decrease observed in the population of P. virgini at the Marine Reserve is the result of higher postsettlement mortality produced by predation activity of high densities of mobile consumers within this reserve.
INTRODUCTION
The persistence of the majority of sessile solitary animal populations that inhabit rocky substrata and have planktonic stages depends on the settlement of these larvae and on their subsequent survival to be counted as recruits. In most populations, both events undergo important fluctuations in space and time (Connell 1961 , 1985a , b, Hawkins & Hartnoll 1982 , Keough 1983 , Caffey 1985 , Gotelli 1987 . These fluctuations are generally associated with different sources of mortality operating during pre-and post-settlement stages (Denley & Underwood 1979 , Connell 1985b , Yund et al. 1987 , Barry 1989 , Stoner 1990 .
Work on a range of different benthic organisms has revealed that one of the most common causes of postsettlement mortality is the action of mobile consumers. They affect newly settled juveniles directly by consuming them (Connell 1961 , Keough & Downes 1982 , Gaines & Roughgarden 1985 and indirectly through grazing (Young & Chia 1984 , Davis 1988 , Stoner 1990 or dislodgement (Denley & Underwood 1979 , Stoner 1990 .
In systems subjected to a high perturbation frequency by mobile consumers, post-settlement mortality may assume considerable importance to the overall population dynamics of a species. A system that presents this characteristic is the community of the rocky intertidal of the Marine Reserve of Mehuin (southern Chile) where, as a result of exclusion of humans, several populations of mobile herbivores and carnivores have notably increased their densities. One of the immediate consequences of this phenomenon has been a decrease in the levels of abundance of their prey species in contrast to levels in areas outside the Reserve , 1986 .
Chile has maintained as a Marine Reserve since 1978. The general topographic and climatic characteristics of the area are described in Jara (1980) and Jara .
Techniques and measurements. Cement plates of 8 X 8 cm and 6 mm thick, with 3g024' either a smooth or rough surface, were offered as substrata for larval settlement. Rough texture was obtained from a cement cast of a mold of barnacles made by the application of silicon paste over patches of Chthamalus scabrosus Darwin and Jehlius
39'26'
cirratus Darwin that were abundant in the area . Each plate was fixed to the substratum with a central screw which was inserted into a plastic rawl-plug drilled lnto the rocks (Fig. 2) . All plates were installed at the same level of the low intertidal, with a mean distance of 3 m between them, ensuring that their level of
wave exposure and sunlight were the same. Each plate was located near aggregations Moreno 1989 , Matus 1994 . Cages also acted as barritality produced by the increase in density of mobile ers against dislodging effects from the rasping keyconsumers. This hypothesis was tested by means of a hole limpets Fissurella spp. field experiment which utilized artificial plates offered All plates without cages were removed monthly and as substrata for larval settlement, with which we evalreplaced by clean ones from June 1989 to November uated the effect of substratum texture and the effect of 1990 (18 mo). Once removed, plates were taken to the exclusion of rnobile consumers on the recruitment of laboratory, where all organisms attached to their su.r-P. virgini. In the scope of this work, settlement and face were identified and counted under a binocular recruitment are defined sensu Keough & Downes microscope. The same procedure was used for plates (1982) and Connell (1985b) .
enclosed by cages, although in this case caging was initiated in May 1990 and finished in November 1990 (7 mo).
MATERIALS AND METHODS
In the case of solitary organisms, such as Phragrnatoporna virgini and barnacles, counting was done Study site. Observations were made at the rocky with the help of a net of threads divided into 64 intertidal of Mehuin (39" 24' S, 73" 13' W), 77 km north quadrats of 1 cm2 each. The absolute number of indiof the city of Valdivia (Fig. l ) algae and benthic diatoms, the abundance (percentage cover) was estimated by placing a net of threads with 100 uniform dots over the plates. Cover was assigned according to the number of dots that coincided with a particular species. We arbitrarily assigned 1% cover to species which were present, but not beneath a dot. Data analysis. Data from each of the 4 experimental treatments were averaged monthly and their variance estimated. Following the recommendations of Day & Quinn (1989) , assumptions were checked prior to performing parametric statistical analyses. Bartlett's test for homogeneity of variances was used, and we observed a lack of any positive relationship between means and their variances, meaning that in spite of the small monthly sample size in each treatment (n = 4) we are confident that there were no violations of the assumptions of normality or homogeneity of variances. On the other hand, the complete monthly replacement of the experimental plates ensured the independence of each point in the time series.
A l-way ANOVA was used for comparing treatments in the time series, from June 1989 to November 1990, and for planned comparisons for some of the months.
The experimental exclusion of mobile consumers over smooth and rough plates was compared with a 2-way ANOVA (Treatments: exclusion or nonexclusion; Surfaces: smooth or rough), under the model:
RESULTS

Recruitment of Phragmatopoma virgini
Recruitment of Phragmatopoma virgjni occurred throughout the study, in all treatments, independent of the type of surface. A clear seasonal pattern was apparent, although it was less evident on the smooth plates. Recruitment was observed to increase towards the end of autumn (June) reaching a maximum in the middle and end of winter (August and September). In addition, a steady build up in the number of recrults was observed during the summer months (January through March) (Fig. 3) .
In addition to polychaetes, the plates were colonized by bryozoans, anemones, sponges and calcareous crustose algae (Lithothamnium), but with a low cover, since as a whole they reached a maximum of 13% cover towards the beginning of spring (September). Notably, colonization of these species was highly irregular in space and time, that is, it only occurred on some plates and without a defined temporal pattern. The exception was barnacles, which recruited year round, reaching maximum abundances in autumn and spring with a mean density between 112 (SD + 24) and 165 (SD 5 38) ind. 64 cm-', respectively. Plates were also colonized seasonally by algae, notably Iridaea ciliata Kutzing and Rhizoclonium sp. Cover of both species showed a maximum in spring (October to November) with an average cover of 25.3 % (SD ? 4.7) and 18.7 % (SD + 6.11, respectively.
Effects of surface texture
To assess the effect that plate surface texture had on recruitment, we examined a period of low recruitment intensity (December 1989) and a period of high intensity (August 1990). A l-way ANOVA revealed that in both periods there were significant differences in the magnitude of recruitment between smooth and rough surfaces (low period F = 15.12, p < 0.01; high period F = 47.6, p < 0.001). Recruitment was always higher on rough plates. In fact, during the low recruitment period the mean number of recruits on smooth plates was approximately one-fifth of that registered on rough surfaces, while during the period of high recruitment intensity the relative proportion reached almost oneninth.
Effect of exclusion experiment Exclusion cages acted as an effective barrier to macroconsumers, as we never detected their presence The results of the 2-way ANOVA comparing the simultaneous effect of mobile intensity recruitment, the effect of exclusion and that of surface texture were both within cages. However, during spring and summer we highly significant (Table 1) . Contrary to our expectadid detect, inside the exclusion cages, the presence of tions, there was no interaction between the type of surjuvenile crabs of 2 species, Acanthocyclus spp. and face and the effect of mobile consumers. Petrolisthes spp. These crabs were very small, wlth a A very similar pattern was apparent during the high maximum carapace length of 3 to 5 mm. They were utiintensity recruitment period (Table l. ), although there lizing the narrow cavity between the plates and the was a tendency for predation to be less important, substratum as a refuge. Although their effect on the probably due to a greater availability of food on the organisms settled on plates is unknown, there were plates. also crabs sheltering beneath the uncaged plates, so any effect should be the same in both treatments.
When smooth and rough plates enclosed by cages DISCUSSION were compared between May and November (Fig. 4 ) , we did not detect any significant differences in the One of the most important factors affecting the setmean number of recruits present on both types of surtlement of benthic organisms is the behaviour of larvae faces. In both cases, the mean number of recruits folat the time of settlement, mostly with respect to habitat selection (e.g. Davis 1987 ). Larvae re- adult sand tubes and the mucoid tube of juveniles (Wilson 1968 , Patvlik 1986 ). Although we lack this information for Phragmatopoma virgini, we can assume that it has a behaviour similar to those a high post-settlement mortality that reduces the probability of successful recruitment. other species in the family which show gregarious set-
The surface texture of the artificial uncaged plates tlement. If this inference is correct, then settlement and had a dramatic effect on recruitment, as is seen in the recruitment of P virgini should occur preferentially on extreme differences in the mean number of recruits aggregations of adult tubes that, as already noted, are observed on smooth and rough plates. These differreduced to only crevices and cracks in the low interences probably result from the fact that the rough surtidal of the Marine Reserve. We also observed P. virgini face provides a refuge from consumers for the newly larvae recruits on plates that were in close contact with settled polychaetes. Nevertheless, the fact that no the adult tubes. This may constitute the way in which interaction was detected between surface texture and this species colonizes new substrata and thereby the exclusion of consumers suggests that the refugial expands its lateral distribution. Wilson (1971) observed effect may be more important in the avoidance of disa similar phenomenon in Sabellaria alveolata (L.) on lodgement rather than predation. This may be the English coast and noted fusion with other aggregaexplained by the fact that dislodgement is more easily tions.
achieved on smooth surfaces, while predators can conThe recruitment of Phragmatopoma virgini during sume individuals settled on both types of surface. all months of the year and the marked seasonality conUnfortunately, experimental design restrictions did stitute a n indicator of larval abundance in the planknot permit us to distinguish which factors could be ton. Since the seasonal pattern appeared on all the operating simultaneously with respect to effects on plates, including those enclosed by cages, we can disrecruitment intensity. One of the possible factors could regard the possibility that this pattern was produced be the preference of the larvae of Phragmatopoma by mobile consumers. In spite of the continuous occurvirgini for a particular surface texture when settling, a s rence of recruitment, aggregations of adult worms demonstrated by Wilson (1968) for Sabellaria alveoalready present on the natural substratum did not lata, which showed a slight preference for settling on experience space expansion, even during periods of rough surfaces. But, in our experiment, the high peak recruitment. This observation is also supported recruitment observed on caged smooth plates being by the greater density of recruits on the plates from similar to that which occurred on both caged a n d which consumers were excluded, clearly demonstratuncaged rough plates allowed us to disregard, to some ing that the decrease in population abundance on the extent, larvae settling preference with respect to type natural substratum is not produced by an absence of of surface. recruits, but post-settlement mortality induced by Other possible influences can come from microenvimobile consumers.
ronmental conditions generated over the rough sur Taylor & Littler (1982) and Jensen & Morse (1984) faces (e.g. greatest water retention, microcurrents, have shown that aggregations of Phragmatopoma caliboundary layer effects). Also, the effects that cages (Moreno et al. 1984, Godoy .,,----.-----€P--& Moreno 1989). Therefore, in the pres-0 -y have on the hydrodynamics of their boundaries, which could affect larval settlement on both sorts of plates, must be taken into account. These kinds of factors, all of which can contribute to enhance settlement and greater post-settlement survival, should be assessed in the future in order to determine their real magnitude.
These influences and their effects on settlement and mortality occur on a small temporal and spatial scale. The benthic community at the Marine Reserve of Mehuin has been protected from human perturbation for almost 12 yr (see Moreno et al. 1984 ) a n d has experienced changes as a result, mostly increases in densities of molluscs, herbivores and carnivores which were previously collected by local gatherers.
Nevertheless, as the recruitment of Phragmatopoma virgini and some of its predators, all having pelagic larvae, undergoes unpredictable changes from one year to the next, it could b e expected that the relative importance of the studied relationships alters over time. In other words, in periods of high settlement of P. virgini the effects of predation and/or dislodging would be scarce, while it would be greater in periods of low settlement. Consequently, different generations of the polychaete could b e submitted to different postsettlement survival conditions, demonstrating the effects that environmental variations have on community structure.
